Abstract-This
INTRODUCTION
Crime is a by-product of development [1] in which societies are becoming more materialistic and anomistic. Anomie can be referred to as "normless" state where individuals' goals are more important than the means adopted to attain them, and it is likely to be a feature of periods of rapid economic or social change. References [2] pointed out that under those conditions where anomie is prevalent; all types of crime may be expected to rise in the society including non-pecuniary crimes like rape and murder [3] . Since growth and development are concerned with economists and policy makers, so do crime. Crime or the non-compliance attitude of individuals can be viewed as negative externality with destructive power.
References [3] while explaining Malaysian public expenditure on the criminal-justice system highlighted that, growth in crime rates would sooner or later become a threat to the society and feeling of insecurity may prevail and it may take a somewhat long time to become obvious or to be noticed. Elsewhere in the literature, Malaysia became important country for analysis of crime in criminology [4] , blue water crime [5] , policing [6] , [7] and [8] and economics [9] , [10] , [11] , [12] , [13] and [14] . All studies, at best, provide mixture finding for crime in Malaysia hence, consensus on the support for economics of crime theory had never been achieved.
References [15] contends that the possibility of bias due to omitted variable can never be denied however, it is impossible to capture all variables that are said to be the influence in increasing crime rates (see [16] and [17] for examples). Omitted variable bias are also been accused as the reasons for conflicting results obtained in the literature of economics of crime. According to [18] , conviction rate and time served are theoretically important but often neglected in economics of crime analysis. This can generates omitted variable bias if in reality those neglected variables are indeed correlated with arrest rate.
This study intend to make a humble attempt in finding relationship between crime and economic determinants while at the same time proving the effectiveness of existing law and enforcement strategy in Sabah. Sabah's fluid cultural, social and economic boundaries with both Indonesia and the Philippines renders the role of national identities, citizenship and formal economic networks less important than the informal transnational networks that facilitates the flow of commodities and humans across boundaries. This often left undetected by the Malaysian/Sabahan state apparatus. These undetected activities are said to be root cause for increasing Sabah's crime rates in recent years which event called for a Memorandum of Understanding (MoU) to be signed between the Sabah National Unity and Integration Department (NUID) and districts' police in order to reduce crime rates in the district level. The rest of the papers is constructed as follows with section 2 provides the discussion on the literature review, section 3 illustrates the methodology used for the analysis, section 4 present the results and section 5 conclude the overall findings.
II. ECONOMETRIC METHODOLOGY

A. Theoretical Framework
Following [19] and its extension in [20] , this paper estimates following models of economics of crime for deterrence and determinants analysis in Sabah:
1 where refers to the crime rate; is the GDP that represents the legitimate income level;
is the unemployment rate which is the proxy for gains from illegitimate activities and time to allocate into illegitimate activities; is the number of cases disposed by high court, is the imprisonment rate and are the recidivism rate as proxy to estimates the efficiency of law enforcement strategies. The number of cases disposed by high court, imprisonment and recidivism are also deterrence variables which will explain the deterrence role played by Sabah's law enforcement strategies.
B. Estimation Procedures
Standard econometric analysis will be applied in this study ranging from stationarity test, cointegration analysis, vector error correction model (VECM) and post-sample variance decompositions (VDC) analysis. Cointegration technique explains the long-run relationship between two or more variables. Two or more variables are said to be cointegrated when they share a common trends and this imply that variables in the system exhibit a long-run relationships among them. This study employs cointegration analysis developed by [21] to determine the long-run relationship properties of the crime model.
All the estimation procedures explained earlier can be inferred as within-sample estimations which only carter for the variables relationship within the sample period analysed. This weakness can be fixed using variance decompositions (VDCs) analysis which may be termed as out-of-sample causality tests. VDCs partitioned the variance of the forecast error of certain variables (crime categories for this study) into proportions attributable to shocks in each variable in the system including its own, provides an indication of these relatives. According to [22] , variables that are optimally forecast from its own lagged values will have all its forecast error variance accounted for by its own disturbances.
III. RESULTS AND DISCUSSION
The model estimated for this study consists of six variables: different types of crime rates (CR), GDP, unemployment (UE), number of cases disposed by high court (CD), imprisonment rates (IMP) and recidivism rates (REC). It is important to note that the level of crime in any societies are determined by many differing and interrelated influences which is impossible to be incorporated in a single quantitative model in this study. Thus, the incorporation of the variables for this study is chosen partly due to the availability of the data for the region studied and partly based on the theories discussed in previous section. A wide range of unit root tests was applied preceding the Johansen and Jesulius's (1990) multivariate cointegration tests to identify the number of times a variable need to be differenced in order to turn it to stationarity. Tests are summarized in Table I for all the estimation procedures. Unit root testing indicated that all variables were non-stationary at the `level' form but stationary after `first differencing'. It can be concluded that all the variables in the system estimated were I(1). This is a pre-requisite for econometric analysis before the test of cointegration of the variables.
Results based on [23] and multivariate cointegration tests tend to suggest that these six variables are cointegrated or said to have common trends. In other words, all these six variables are bound together by long-run equilibrium relationships as indicated by the test of null or alternative hypotheses through the maximum eigenvalue and trace statistics. Interesting result are found in total crime model where only trace tests of the Johansen and Juselius cointegeration test shows the existence of single contegrating vectors whilst maximum eigenvalue favour no long run relationship hypothesis. Conflicting results may occur in cointegration analysis and in this study we conclude that trace test are in favour and summarize that one cointegrating vector exists in the crime against property and total crime model. The conclusion was based on few studies that prefer trace tests as advantageous over maximum eigenvalue tests. References [24] compared the properties of a range of maximum eigenvalue and trace tests for cointegrating rank of a vector autoregressive process. In a small sample size comparison, they conclude that trace tests are more robust than the maximum eigenvalue tests. This evidence of cointegration is a departure from related literature for Malaysian case ( [4] ; [5] ; [6] ; [7] ; [8] ; [9] ; [10; [11] ; [12] ; [13] ; and [14] ) which neglected the incorporation of deterrence variables in their economics of crime model. The application of the multivariate testing procedure [21] which is an improvement on the [25] procedure, by incorporating some other theoretically backed deterrence variables, demonstrates that all these six variables are tied together by long-run equilibrium relationship(s) in the case of Sabahan crime rates. The number of cointegrating relationships found in (Table I) will result in a corresponding number of residual series, and hence error correction term (ECTs), to be analysed in the following error correction model (VECM). The focal aim of this study is the temporal dynamic effects of deterrence and economic factors on various types of crime. Thus, results are restricted in explaining that aspects only in particular although many other interesting insights could be gained from it.
Robbery Results derived from the VECM indicate that robbery remains econometrically exogenous or unexplained by the explanatory variables incorporated. This is proven by the nonsignificance of both the F-test and t-test of the analysis. GDP are the endogenous variables in the system which will bear the burden of short-run adjustment (to long term trend) in order to bring the system back to long-term equilibrium. It will take approximately 2.94 years for the system to revert to the equilibrium through GDP measured by ECT coefficient of 0.34. However, the post-sample dynamic VDCs in Table II imply that a substantial portion of the variance of the forecast error of robbery (say, at 30-year horizons) is explained by GDP (33.46%), unemployment (6.66%), number of cases disposed (13.47%), imprisonment (6.58%) and recidivism (30.73%). Figures in the first column refer to horizons (i.e. number of years). All oth rounded to two decimal places -rounding errors may prevent perfect perce some cases. Several alternative orderings of these variables were also appearing after policy and economic variables. Such alterations, however, di any substantial degree. This is possibly due to the variance -covariance m near diagonal, arrived at through Choleski decomposition in order to orthog across equations.
Housebreaking The within-sample VECM re housebreaking Granger cause GDP in the proving the endogeneity of the dependent through the F-test applied to the joint significa each explanatory variable. However, impriso endogenous since it can Granger cause hous short-run and bear the burden of short-run around 2 years to bring the system back into eq The VDCs (Table II) on the other ha housebreaking are econometrically exogenous 50 years horizon about 85% of the shocks in h explained by its own shocks. Housebreaking, a related to property, have violent forces in it house owner or victim are brutalized in housebreaking. It is expected that factors affec violent forces will not have immediate i accumulate over time. Results show that it tak of time for the interaction of all the indepen manifest in the form of housebreaking or cr forces.
Theft Results based on VECM for theft crime m to that of housebreaking. The estimate ind Granger-caused imprisonment in the short r through the significance of the F-test imprisonment rate. The burden of short-run ad imprisonment rate and it will take around 3. system to revert to its equilibrium level throug ECT coefficient of 0.27. The VDCs (Table 2) theft is explained by its own shocks (89.45%) e years horizon beyond the sample period estima
Total Crime Results based on the VECM ind short-run, although individually the explanato not significantly Granger-cause the homicide in the non-significance of the F-tests of explanatory variables), the proportion by whic short run thus variable at least ance of the lags of onment are most sebreaking in the n adjustment of quilibrium states. and shows that s since even after housebreaking are although is crime in the sense that n the event of cting crimes with impact but will kes longer period ndent variables to rime with violent model are similar dicates that theft run as evidenced for the theftdjustment falls to .70 years for the gh the significant ) also shows that even after the 50-ated.
dicates that in the ory variables did rate (as reflected the lags of the ch the total crime rate adjusted endogeneously in the equilibrium relationship with other nevertheless significant. In othe disequilibrium in the long-run coi Granger cause the total crime rate. 2.17 years for the system to revert states as evidenced through the co post-sample estimation, in the longshocks in other independent variabl the shocks in total crime rates in Sab The short-run Granger causality a insights to related crime model an significant that number of crimina crime categories involved are unemployment. This can be attrib number of criminal cases disposed or decrease the imprisonment ra unemployment rate to either increa prejudice issues of employer. Impri Granger cause GDP for robbery, hou model. Labor force which is conv e short-run to its long-term r cointegrating variables is er words, the short run integrating relationship did Approximately, it will take t back into the equilibrium oefficient of 0.46. For the -run (say, 50-years horizon) es explain about 87.36% of bah.
lity Relationship analysis also provides some nalyzed in this study. It is al case disposed for all the the Granger cause of buted to the efficiency of which in turn will increase ate will likely cause the ase or decrease due to the sonment is also found to be usebreaking and theft crime victed and imprisoned will have negative effect in the GDP since the country lost the productive resources to the illegal industries. In housebreaking model, crime rates are the Granger cause for GDP while GDP Granger cause crime rates in robbery and theft model. This is best explained by the motivational effect of crime which is outlined in [19] for the case of robbery and theft in Sabah. On the other hand, housebreaking Granger cause GDP since most of the criminals will tend to engage in illegal industries while the country lost its productive resources in terms of labor force for the legal industries.
IV. CONCLUSION
Unlike the existing recent work on economics of crime in Malaysia, which failed to incorporate any deterrence measure, this study is the first attempt at putting the analysis of six alternative types of crime in a temporal `causal' framework using Sabahan data by binding the relationship between each type of crime and its economics and deterrence variables in a multivariate cointegrated system. The presence of cointegration between these variables tends to suggest that these eonomic and deterrent variables, along with alternative types of crime, are bound together by common trends (i.e.: have a long-run relationship). In other words, it can be said that although these cointegrated variables will have short-run or temporal deviations from their long-run common trends, eventually forces will be set in motion which will bring all the variables into the equilibrium (cointegrated) states. This finding of a long-run temporal relationship between all these variables is very important for the policy designers. For more comprehensive analysis and thorough understanding of the economics of crime in Sabah for policy makers, this study also indicates the direction of that causation between the variables through the analysis of VECM.
Results based on these methodology (cointegration, VECM and VDCs), generally shows that, although the relative importance of the determinants of crime varied by type of crime, of all the determinants it is GDP (a proxy for 'economies wealth'), number of cases disposed by high court, imprisonment and recidivism appears to impact more or less on all the categories of crime significantly. Unemployment has the least effect of all, except some short-term effect on rape. Interestingly, same evidenced for unemployment was found by [16] while investigating Australian data in similar cointegration framework. While Sabahan crime rates are increasing, it also proves that the law and enforcement strategies do not have significant contribution in deterring crime since they are cointegrated (evidenced through cointegration and VECM) in the long-run. Suggestions are that policy makers should understand the contributions of each crime categories and their response (through VDCs) in respect to any precautionary measurement taken in order to reduce crime activities in Sabah. Increasing the police force alone is not enough of strategies to curb crime rates, economic and social improvements are also important. At the same time, it is the increase in police efficiency and knowledge is also imperative. However, future studies utilizing police enforcement efficiency and strength are highly suggested.
